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
590   S. Malavasi et al. /  Procedia Engineering  89 ( 2014 )  588 – 594 

)LJ3URWRW\SHWHVWHGLQ3ROLWHFQLFRGL0LODQRODERUDWRU\
7KHDLPRIWKLVZRUNLVWRWHVWWKHHIIHFWLYHSRWHQWLDORI*UHHQ9DOYHDQGLPSURYHLWVEDVLFFRPSRQHQWVHVSHFLDOO\WKHWXUELQH
%\H[SHULPHQWDOO\FRPSDULQJGLIIHUHQWVKDSHVRIWKHWXUELQHDQRSWLPL]HGSURSHOOHUKDVEHHQIRXQG7KLVGHVLJQSURFHVVVWDUWHG
ZLWKDPRGHOZLWKWKUHHEODGHVDVVKRZQLQ)LJD7KHPRGHOKDGEHHQWHVWHGDQGDQHZRQHKDVEHHQGUDZQWDNLQJDGYDQWDJH
RIWKHUHVXOWVREWDLQHG$OOWKHILYHWXUELQHVWHVWHGKDYHEHHQGUDZQDQGSULQWHGE\D'SULQWHU7KHYDOYHLVPDGHLQEUDVVDOOR\
WKHVKDIWLV&VWDLQOHVVVWHHOWXUELQHVDUHPDGHLQ$%6SOXVS
([SHULPHQWDOVHWXS
7KHSURWRW\SHRIWKH*UHHQ9DOYHKDVEHHQWHVWHGLQWKHµ&RQWURO9DOYH¶VHFWLRQRIWKHK\GUDXOLF/DERUDWRU\DW3ROLWHFQLFRGL
0LODQR8QLYHUVLW\7KHSODQWLVGHVLJQHGWRHYDOXDWHWKHIORZFRHIILFLHQWRIFRQWUROYDOYHVLQDJUHHPHQWZLWKWKHUHTXLUHPHQWVRI
WKHLQWHUQDWLRQDOVWDQGDUG,6$53>@7KHYDULDEOHVDFTXLUHGDUHSUHVVXUHDWGLDPHWHUVXSVWUHDPWKH*UHHQ9DOYHDQG
GLDPHWHUVGRZQVWUHDPGLIIHUHQWLDOSUHVVXUHIORZUDWHURWDWLRQYHORFLW\RIWKHVKDIWEUDNLQJIRUFH7KHLQVWUXPHQWDWLRQXVHGWR
DFTXLUH WKH PHQWLRQHG YDULDEOHV DUH UHVSHFWLYHO\  SUHVVXUH WUDQVGXFHUV ZLWK GLIIHUHQW IXOO VFDOHV  D GLIIHUHQWLDO SUHVVXUH
WUDQVGXFHUVZLWKDGMXVWDEOHIXOOVFDOHDPDJQHWLFIORZPHWHUDSKRWRFHOODQGDORDGFHOO7KHWHVWHGSUHVVXUHGURSRQWKHYDOYHLV
OLPLWHGWREDUIRUDOOWKHWUDYHOUDWHH[FHSWIRU,QWKLVFRQGLWLRQSUHVVXUHGURSVXSWREDUKDYHEHHQWHVWHG
7KHWHVWVHFWLRQLVIHGWKURXJKDJUDYLW\SODQWSRZHUHGE\DUHVHUYRLUSODFHGDERXWPDERYHWKHWHVWOHYHO2WKHUZLVHIRU
KLJKHUSUHVVXUHDSUHVVXUHERRVWV\VWHPFDQEHXVHG
([SHULPHQWDO&DPSDLJQ
7KHH[SHULPHQWDOFDPSDLJQLVDLPHGWRSULPDULO\GHVFULEHWKHUHJXODWLRQFKDUDFWHULVWLFRIWKH*UHHQ9DOYHDQGWKHQWRHVWLPDWH
WKHHQHUJ\KDUYHVWDEOHGXULQJWKHWKURWWOLQJSURFHVV7RHYDOXDWHWKHUHJXODWLRQFKDUDFWHULVWLFVRIWKHSURWRW\SHIORZFRHIILFLHQWD
SDUDPHWHUSUHVHQWHGLQWKH,6$VWDQGDUG>@KDVEHHQFDOFXODWHG7KLVSDUDPHWHURU&9GHILQHVWKHUHODWLRQEHWZHHQWKHIORZ
UDWH4DQGWKHSUHVVXUHGURS¨SH[LVWHQWIRUDVSHFLILFFRQILJXUDWLRQRIWKHWHVWHGGHYLFHIRUWKLVUHDVRQD&9LVFDOFXODWHGIRU
HDFKRSHQLQJRIWKHSURWRW\SH&9LVDGLPHQVLRQDOTXDQWLW\GHILQHGLQJSPSVLDVIROORZV

 UU
31
4&9 '   
:KHUHȡ.JPLVWKHGHQVLW\RIWKHIOXLGIORZLQJȡLVWKHUHIHUHQFHGHQVLW\LQVWDQGDUGFRQGLWLRQZDWHUDWDQGDWP
DQG1UHSUHVHQWVDWUDQVIRUPDWLRQSDUDPHWHUGHSHQGLQJRQWKHXQLWXVHGIRU4¨SDQGȡ,QWKHIROORZLQJ1LVHTXDOWR
ZLWK4GHILQHGLQPK¨SLQEDUDQGȡLQ.JP

7KHKDUYHVWLQJFDSDFLW\RIWKHYDOYHLVPHDVXUHGXVLQJDEUDNHLQVWDOOHGRQWKHH[WHUQDOSDUWRIWKHURWDWLQJVKDIW7KHEUDNLQJ
IRUFHLVDGMXVWDEOHDQGWKHUHDFWLQJIRUFHLVPHDVXUHGE\DORDGFHOO)XUWKHUPRUHDSKRWRFHOOLVXVHGWRPHDVXUHWKHYHORFLW\RIWKH
VKDIWLQURXQGSHUPLQXWHXQLW$OOGDWDDUHDFTXLUHGVLPXOWDQHRXVO\WRKDYHDFRPSOHWHGHVFULSWLRQRIWKHIXQFWLRQLQJRIWKHGHYLFH
UHODWLYHWRWKHERXQGDU\FRQGLWLRQVVHW7KHUHJXODWLRQRIWKHEUDNHIRUFHLVHVVHQWLDOWRHVWLPDWHWKHPD[LPXPKDUYHVWDEOHHQHUJ\
LQIDFWWRILQGWKHYHORFLW\FRQGLWLRQWKDWPD[LPL]HVSRZHUKDUYHVWLQJVPDOOVWHSVKDYHRSHUDWHGDGHFHOHUDWLRQRIWKHVKDIW7KH
LQVWDQWDQHRXVSRZHULVGHILQHGDV
E)3 EU Z   
:KHUH3ULVWKHLQVWDQWDQHRXVSRZHU:DWWȦLVWKHYHORFLW\RIURWDWLRQUDGV)ELVWKHEUDNLQJIRUFH1DQGELVWKHDUPRI
)EP7KHSRZHU3UKDVDPD[LPXPIRUDVSHFLILFVHWRIWKHFRXSOH)EȦ7KLVFRQGLWLRQLVGLIIHUHQWIRUHDFKWUDYHOUDWH

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2QFHWKDWWKHPD[LPXPSRZHULVFDOFXODWHGLWLVSRVVLEOHWRHYDOXDWHWKHPD[LPXPHIILFLHQF\DFKLHYDEOHE\WKHHQHUJ\UHFRYHU\
SURFHVVIRUHDFKWUDYHOUDWH7KHSRZHUKDUYHVWHGE\*UHHQ9DOYHLVFRPSDUHGZLWKWKHSRZHURIWKHIORZSDVVLQJWKURXJKWKHYDOYH
7KHSRZHURIWKHIORZLVGHILQHGDV
343I '   
:KHUH3I:LVWKHDYDLODEOH3RZHURIWKHIORZǻS3DLVWKHSUHVVXUHORVVLQGXFHGE\WKHYDOYHUHJXODWLRQDQG4PVLVWKH
IORZUDWH7KHHIILFLHQF\ȘURIWKHHQHUJ\UHFRYHU\SURFHVVLVGHILQHGDVWKHUDWLREHWZHHQWKHKDUYHVWHGSRZHU3UDQGWKHDYDLODEOH
SRZHURIWKHIORZ3I
I
U
U 3
3 K   
7KHH[SHULPHQWDOFDPSDLJQKDVSURYLGHGGDWDUHODWLYHWRVHYHUDOFRQILJXUDWLRQVRIWKHLQWHUQDOSDUWVRIWKH*UHHQ9DOYHIRUGLIIHUHQW
ERXQGDU\FRQGLWLRQV,QSDUWLFXODUWKHLPSHOOHUKDVEHHQPRGLILHGLQGLPHQVLRQDQGJHRPHWU\DQGVHYHUDOPRGHOVKDYHEHHQWHVWHG
,QWKH5HVXOWVVHFWLRQRIWKLVSDSHUDUHVKRZQRQO\WKHUHVXOWVIRUWZRRIWKHVHJHRPHWU\UHJDUGLQJDVLPSOHWKUHHEODGHLPSHOOHU
KHUHLQDIWHULPSHOOHU$DQGDILYHEODGHLPSHOOHUKHUHLQDIWHULPSHOOHU%7KHVHFDVHVDUHWKHPRVWLQWHUHVWLQJIRUWKHVWXG\
EHFDXVHWKH\UHSUHVHQWWKHEDVLFWXUELQH)LJ$DQGWKHODVWRSWLPL]HGWXUELQH)LJ%,PSHOOHU%KDVEHHQGHYHORSHGWKURXJK
WKHVWXG\RIWKHVWDWHRIDUWDQGWDNLQJDGYDQWDJHRIWKHH[SHULPHQWDOHYLGHQFHVIURPSUHYLRXVFRQILJXUDWLRQV

 
)LJ$6FKHPHRIWKHWHVWHGWKUHHEODGHVLPSHOOHULPSHOOHU$%6FKHPHRIWKHWHVWHGILYHEODGHVLPSHOOHULPSHOOHU%
$QLPSRUWDQWFRQVLGHUDWLRQWKDWKDVDOZD\VEHHQWKHJXLGHOLQHIRUWKH*UHHQ9DOYHWXUELQHFKRLFHLVWKDWLWKDVWRJXDUDQWHHD
PD[LPXPIORZFRHIILFLHQWVXIILFLHQWO\KLJKVRDVLJQLILFDQWSRUWLRQRIWKHFURVVVHFWLRQPXVWEHOHIWIUHHWRDOORZWKHIORZLQJRI
WKHIOXLG7KHWXUELQHKDVEHHQVSHFLILFDOO\GHVLJQHGWRPDLQWDLQDFRQVWDQWIORZFRHIILFLHQWIRUHYHU\URWDWLRQDOYHORFLW\HYHQIRU
FRPSOHWHDUUHVWRIWKHEODGHV)RUDOOWKHVHUHDVRQVERWKLPSHOOHUV$DQG%UHVSRQGWRWKLVFKDUDFWHULVWLFWKHEODGHVRILPSHOOHU$
FRYHUDPD[LPXPRIRIWKHSDVVLQJDUHDZKLOHWKHRQHVRILPSHOOHU%FRYHUXSWRRIWKHYDOYHVHFWLRQEXWWKH\KDYH
KROHVLQSUR[LPLW\RIWKHVKDIWWRDGPLWDQDGGLWLRQDOSDVVDJHDUHD&RQVLGHULQJWKHKROHVWKHEODGHVRILPSHOOHU%FRYHURI
WKHFURVVVHFWLRQ
'XULQJWKHWHVWRILPSHOOHU$DWWKHIXOORSHQLQJRI*UHHQ9DOYHQRURWDWLRQKDVEHHQUHJLVWHUHGWKLVLVSUREDEO\EHFDXVHRI
HTXLOLEULXPFRQGLWLRQGXHWRWKHVLPSOHJHRPHWU\DQGIODWVKDSHGEODGHV7RDYRLGWKDWWKHHTXLOLEULXPVWDWHRFFXUVDGLDSKUDJP
KDVEHHQLQVHUWHGXSVWUHDPWKHUHJXODWLQJVSKHUHDQGQHZWHVWVKDYHEHHQSHUIRUPHG,Q)LJLWLVSRVVLEOHWRQRWLFHWKHGLDSKUDJP
KLJKOLJKWHGLQUHG


)LJ7KUHHEODGHVLPSHOOHULQWKHFRQILJXUDWLRQZLWKLQWHUQDOGLDSKUDJPLQUHG
7KHGLDSKUDJPLVDUDPSVWHSWKDWFRYHUVOHVVWKDQKDOIRIWKHSLSH.HHSLQJWKHKHLJKWEORFNHGWKUHHVORSHVRIWKHUDPSKDYH
EHHQWHVWHGDQGGHJUHHVEXWIRUWKHERXQGDU\FRQGLWLRQVLQYHVWLJDWHGDQ\VLJQLILFDQWGLIIHUHQFHKDVEHHQUHYHDOHGRQ
SRZHUDQGFRQWUROHIILFLHQF\,QWKH5HVXOWVSDUDJUDSKLWLVVKRZQWKHFDVHRIGLDSKUDJPZLWKGHJUHHVVORSHFRXSOHGZLWKWKH
WKUHHEODGHLPSHOOHU,QWKLVFRQILJXUDWLRQWKHLPSHOOHUURWDWHVIRUHYHU\WUDYHOUDWHFRQGLWLRQ

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5HVXOWV
7KH IROORZLQJ UHVXOWV GHVFULEH WKH EHKDYLRU RI *UHHQ9DOYH LQ WHUPV RI IORZ FRQWURO FDSDELOLW\ DQG HQHUJ\ KDUYHVWLQJ
SHUIRUPDQFH,Q7DEOHDUHUHSRUWHGWKHIORZFRHIILFLHQWVDQGWKHHIILFLHQF\RIHQHUJ\UHFRYHU\SURFHVVFDOFXODWHGWKURXJKDQG
)RUWKHFDVHRILPSHOOHU$DWWUDYHOUDWHDQGGHJUHHVLWKDVQRWEHHQSRVVLEOHWRHYDOXDWHWKHHQHUJ\UHFRYHUHGEHFDXVH
DQ\URWDWLRQRIWKHVKDIWKDGRFFXUUHGLQWKHUDQJHRIERXQGDU\FRQGLWLRQVWHVWHG
7DEOH)ORZFRHIILFLHQWDQGHIILFLHQF\IRUWKHWKUHHFRQILJXUDWLRQVFRQVLGHUHG$$GLDSKUDJPDQG%
 $ $',$3+5$*0 %
9DOYH2SHQLQJ &Y Ș &Y Ș &Y Ș
      
      
      
      
      
      
      
      

([SHULPHQWDOGDWDUHYHDOWKDWWKHIORZFRHIILFLHQWIRUIL[HGWUDYHOUDWHLVYHU\VOLJKWO\GHSHQGHQWRQWKHURWDWLRQDOYHORFLW\RI
WKHWXUELQHDVLWLVVKRZQLQ)LJ$7KLVFKDUDFWHULVWLFDOORZVWRVHSDUDWHFRQWUROPHFKDQLVPIURPHQHUJ\H[WUDFWLRQSURFHVV


)LJ$WUHQGVRI&9DVDIXQFWLRQRIURWDWLRQDOYHORFLW\IRULPSHOOHU%%WUHQGVRI&YIRUWKHWKUHH*UHHQ9DOYHFRQILJXUDWLRQVWHVWHG
,Q)LJ%LWLVVKRZQIORZFRHIILFLHQWDVDIXQFWLRQRIWKHWUDYHOUDWHRIWKHYDOYH7KHPD[LPXP&9IRUWKHFDVHRILPSHOOHU
$LVODUJHUWKDQWKHRQHIRULPSHOOHU%GXHWRLWVVPDOOHULPSDFWDUHD+RZHYHUDVDOUHDG\GLVFXVVHGIRUKLJKWUDYHOUDWHVRIWKH
*UHHQ9DOYH WKH WXUELQH ZLWK WKUHH EODGHV GRHV QRW URWDWH VR D GLDSKUDJP KDV WR EH XVHG 7KLV FRQILJXUDWLRQ LPSHOOHU $
GLDSKUDJPGHVSLWHWKHJRRGHIILFLHQF\DFKLHYHGOLPLWVWKHPD[LPXPIORZFRHIILFLHQWDQGWKHUHVXOWLVWKDWWKH&9UDQJHRIWKLV
FRQILJXUDWLRQLVVLJQLILFDQWO\UHGXFHG/RRNLQJDW)LJELWLVDOVRSRVVLEOHWRQRWLFHWKDWWKHWUHQGIRULPSHOOHU%LVLQWHUPHGLDWH
EHWZHHQ WKH SUHYLRXV FRQILJXUDWLRQV UHDFKLQJ D UHJXODWLRQ FDSDELOLW\ XS WR  GHJUHHV RI WUDYHO UDWH 5HJDUGLQJ WKH HQHUJ\
KDUYHVWLQJSURFHVVLWPXVWEHKLJKOLJKWHGWKDWFRQILJXUDWLRQV%DQG$GLDSKUDJPXQOLNHLPSHOOHU$DUHDEOHWRZRUNIRUHDFK
RSHQLQJRIWKH*UHHQ9DOYH
)RUWKHVHWKUHHFRQILJXUDWLRQVLQ)LJDLVVKRZQWKHWUHQGRIWKHHIILFLHQF\DVDIXQFWLRQRIWKHWUDYHOUDWH,WLVQRWLFHDEOHWKDW
WKHSUHVHQFHRIWKHGLDSKUDJPSRVLWLYHO\DIIHFWVWKHHIILFLHQF\RIWKHHQHUJ\KDUYHVWLQJIRUKLJKWUDYHOUDWHV,QSDUWLFXODUERWKIRU
FRQILJXUDWLRQ$DQG%WKHPD[LPXPHIILFLHQF\LVLQFRUUHVSRQGHQFHRIGHJUHHVRIWUDYHOUDWHWKHQRSHQLQJWKHYDOYHLWUDSLGO\
GHFUHDVHV7KLVGHFD\RIHIILFLHQF\GRHVQRWRFFXUIRUWKHFDVHRILPSHOOHU$GLDSKUDJPDQGDFWXDOO\LWVOLJKWO\LQFUHDVHVXSWR
WKHIXOORSHQLQJRIWKHYDOYH
7KLVSRVLWLYHHIIHFWWRXJKKDVWREHFRQVLGHUHGWRJHWKHUZLWKWKHIORZFRQWUROFDSDFLW\RIWKHGLIIHUHQWFRQILJXUDWLRQVEHFDXVH
*UHHQ9DOYHLVGHVLJQHGLQWKHILUVWSODFHWRFRQWUROWKHIORZDQGLQVHFRQGSODFHWRKDUYHVWSDUWRIWKHHQHUJ\GLVVLSDWHGGXULQJWKH
FRQWUROSURFHVV)RUWKLVUHDVRQLWLVLQWHUHVWLQJWRQRWLFHKRZWKHLQVHUWLRQRIDQLPSHOOHULQDQRQRIIYDOYHVXFKDVDEDOOYDOYH
DOORZVWRDFKLHYHJRRGFRQWUROFDSDELOLWLHVDVLWFDQEHGHGXFHGORRNLQJDWWKHWUHQGRIWKHIORZFRHIILFLHQWDVDIXQFWLRQRIRSHQLQJ
LQ)LJ$
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
)LJ$HIILFLHQF\DVDIXQFWLRQRIWUDYHOUDWH%HIILFLHQF\DVDIXQFWLRQRIIORZFRHIILFLHQW
)LJ $ VKRZV WKDW LPSHOOHU % UHDFKHV WKH PD[LPXP HIILFLHQF\ IRU LQWHUPHGLDWH RSHQLQJ GHJUHHV RQ WKH FRQWUDU\ WKH
FRQILJXUDWLRQZLWKWKHGLDSKUDJPVKRZVLWVEHVWHIILFLHQF\DWWKHPD[LPXPRSHQLQJGHJUHH6LQFHWKHUHJXODWLRQFDSDELOLW\DQG
WKHHQHUJ\KDUYHVWLQJHIILFLHQF\DUHWKHPDLQSDUDPHWHUVRI*UHHQ9DOYHLQ)LJ%WKHHIILFLHQF\KDVEHHQSORWWHGDVDIXQFWLRQ
RIWKHIORZFRHIILFLHQWLQRUGHUWRKLJKOLJKWWKHEHVWZRUNLQJFRQGLWLRQ,WLVQRWLFHDEOHWKDWWKHSUHVHQFHRIWKHGLDSKUDJPVHYHUHO\
OLPLWVWKHPD[LPXP&YRIWKHYDOYHDQGWKDWWKHEHVWUDWLREHWZHHQ&9UDQJHDQGHQHUJ\KDUYHVWLQJSHUIRUPDQFHLVVXSSOLHGE\
LPSHOOHU%7KLVLVEHFDXVHLWLVSUHIHUDEOHWKDWWKHPD[LPXPUHFRYHU\HIILFLHQF\GRHVQRWFRUUHVSRQGWRWKHPD[LPXPRSHQLQJRI
*UHHQ9DOYHVLQFHFRQWUROYDOYHVXVXDOO\ZRUNDWLQWHUPHGLDWHRSHQLQJV
&RQFOXVLRQV
7KHEHKDYLRXURIDQLQQRYDWLYHGHYLFHSDWHQWHGE\3ROLWHFQLFRGL0LODQRKDVEHHQLQYHVWLJDWHGLQRUGHUWRXQGHUVWDQGLWVIOXLG
G\QDPLFVFKDUDFWHULVWLFVDQGHQHUJ\KDUYHVWLQJFDSDELOLW\([SHULPHQWDOWHVWVKDYHEHHQSHUIRUPHGLQWKH+\GUDXOLF/DERUDWRU\RI
WKH3ROLWHFQLFRGL0LODQRDQDO\VLQJGLIIHUHQWSUHVVXUHDQGIORZUDWHFRQGLWLRQV7KHUHVXOWVDVVKRZQLQ)LJEVXJJHVWWKDW
*UHHQ9DOYHFDQEHFRQVLGHUHGDVXLWDEOHDOWHUQDWLYHWRFRPPRQFRQWUROYDOYHVIRULWVUHJXODWLRQFKDUDFWHULVWLFV0RUHRYHURQWKH
FRQWUDU\RIWKHRWKHUGHYLFHVGHYHORSHGLQWKHODVW\HDUVWRUHFRYHUSDUWRIWKHHQHUJ\RIIORZLQDGXFW*UHHQ9DOYHLVDEOHWR
FRPELQHWKHIORZFRQWURODQGHQHUJ\KDUYHVWLQJLQDVROHGHYLFH
)RUHDFKWUDYHOUDWHWKHIORZFRHIILFLHQWSURYHVWREHLQGHSHQGHQWIURPWKHURWDWLRQDOYHORFLW\RIWKHLPSHOOHU7KLVFKDUDFWHULVWLF
PD\EHXVHIXOZKHQWKHYDOYHRSHUDWHVRQDUHDOSODQWLQIDFWLWDOORZVWRVHSDUDWHFRQWUROPHFKDQLVPIURPHQHUJ\H[WUDFWLRQ
SURFHVV,QRUGHUWRFRQWUROWKHIORZLWLVVXIILFLHQWWRUHJXODWHWKHRSHQLQJGHJUHHVRI*UHHQ9DOYHPHDQZKLOHHQHUJ\H[WUDFWLRQ
SURFHVVLVPD[LPL]HGE\YDU\LQJWKHURWDWLRQDOYHORFLW\RIWKHLPSHOOHUZLWKRXWDQ\HIIHFWRQUHJXODWLRQ,WPXVWEHFRQVLGHUHGWKDW
IRUORZWUDYHOUDWHWKHIORZLQJIOXLGKLWVWKHLPSHOOHUVXFKDVVXEPHUJHGMHWZKLOHIRUKLJKRSHQLQJVRI*UHHQ9DOYHWKHWXUELQHLV
KRPRJHQRXVO\SXVKHGE\WKHIORZ7KHVHWZRPHFKDQLVPVDFWLYDWHWKHLPSHOOHULQGLIIHUHQWZD\VIRUWKLVUHDVRQWKHRSWLPL]DWLRQ
RIWKHWXUELQHVWURQJO\GHSHQGVRQWKHRSHUDWLQJFRQGLWLRQRIWKHYDOYH
7KHLPSHOOHUVKDSHKDVEHHQGHYHORSHGWRLPSURYH*UHHQ9DOYHIXQFWLRQLQJLQWHUPVRIUHJXODWLRQHIILFLHQF\DQGFDSDFLW\WR
ZRUNHYHQLQFDVHRIPDOIXQFWLRQLQJ7KHODVWYHUVLRQRIWKHLPSHOOHUDFKLHYHVJRRGFRQWUROFDSDELOLWLHVDQGLQFUHDVHVWKHPD[LPXP
HIILFLHQF\RIDERXWFRPSDUHGWRWKHILUVWJHRPHWU\WHVWHG7KHUDQJHRIPD[LPXPHIILFLHQF\LVIRULQWHUPHGLDWHYDOXHVRI
WUDYHOUDWH7KLVFKDUDFWHULVWLFLVLPSRUWDQWEHFDXVHFRQWUROYDOYHVDUHXVXDOO\VL]HGWRRSHUDWHIRUPRVWRIWKHWLPHLQLQWHUPHGLDWH
WUDYHOUDWHLQRUGHUWREHDEOHWRYDU\WKHIORZUDWHLIQHFHVVDU\
)XWXUHGHYHORSPHQWRI*UHHQ9DOYHZLOOEHFDUULHGRXWWKURXJK&)'PHWKRGV7KHSXUSRVHRIWKHQXPHULFDOFDPSDLJQZLOOEH
WKHLPSURYHPHQWRIKDUYHVWLQJHIILFLHQF\ZLWKDVSHFLDOIRFXVRQWKHFRQILJXUDWLRQVRIEODGHVDQGGLDSKUDJP,QWKLVZD\DVWXG\
RQWKHJHRPHWU\RIDQHIILFLHQWGLDSKUDJPDEOHDWWKHVDPHWLPHWRLQFUHDVHWKHHIILFLHQF\DWKLJKWUDYHOUDWHDQGOLPLWWKHUHGXFWLRQ
RIPD[LPXP&9FRXOGEHYHU\LQWHUHVWLQJ
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